Resonant soft x-ray scattering from stepped surfaces of SrTiOs 
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We studied the resonant diffraction signal from stepped surfaces of SrTiOs at the Ti 2p — + 3d 
(£2,3) resonance in comparison with x-ray absorption (XAS) and specular reflectivity data. The 
steps on the surface form an artificial superstructure suited as a model system for resonant soft x-ray 
diffraction. A small step density on the surface is sufficient to produce a well defined diffraction 
peak, showing the high sensitivity of the method. At larger incidence angles, the resonant diffraction 
spectrum from the steps on the surface resembles the spectrum for specular reflectivity. Both deviate 
from the XAS data in the relative peak intensities and positions of the peak maxima. We determined 
the optical parameters of the sample across the resonance and found that the differences between 
the XAS and scattering spectra reflect the different quantities probed in the different signals. When 
recorded at low incidence or detection angles, XAS and specular reflectivity spectra are distorted 
by the changes of the angle of total reflection with energy. Also the step peak spectra, though less 
affected, show an energy shift of the peak maxima in grazing incidence geometry. 

PACS numbers: 78.70.Ck,61.05.cf 



I. INTRODUCTION 

Resonant x-ray diffraction in the soft x-ray range 
(RSXD) combines a high spectroscopic sensitivity 
with momentum resolution. While its development 
started only recently, it promises to be a powerful 
tool for the study of phenomena like charge and 
orbital order, as they are found in many correlated 
electron systems.^ Corresponding RSXD experimental 
results have bee n published in the last year from man- 
ganese s ys tems^ mm u \ ^ \ io \ ii \ r2 \ r6 \ m magne tite™ 
nickelatesEIMUl cuprates [2nilimmi2ll2^1 and 

ruthenates.^ It is a bit unfortunate, though, that 
the development of this new technique has so far been 
essentially done using only these interesting but complex 
materials. This is a consequence of the rather long 
photon wavelengths in the soft x-ray range. A RSXD 
experiment requires a sample with periodicities in the 
nm range, which is not easy to find among simple 
systems. Using complex materials instead, one has to 
solve two things at the same time: the development 
of the new technique and the complex physics of the 
material itself. 

Here we present a suited simple model system for reso- 
nant soft x-ray scattering techniques: stepped surfaces 
of single crystalline SrTi03. The system is electroni- 
cally and structurally simple: The structure is cubic per- 
ovskite and because of the empty 3d shell of the Ti ions 
no electron-correlation effects need to be considered. In 
order to match the rather long photon wavelengths at the 
Ti 2p — > 3d (Z/2,3) resonance, we used the steps on vicinal 
surfaces as artificial superstructures with period lengths 
between about 20 nm and 70 nm. Samples with such sur- 
faces allow to study the diffraction signal caused by the 



steps, the specular reflectivity, and the x-ray absorption 
spectroscopy (XAS) signal and to compare these. One 
question that can be addressed with such a model is how 
sensitive RSXD is, i.e., what concentration of scatterers 
can be detected. Unlike in the conventional x-ray range, 
the optical parameters change strongly across a resonance 
in the soft x-ray range such that refraction effects may 
matter. For the model system we could study, how these 
x-ray optical effects affect the observed resonance data. 
The rest of this contribution is organized as follows: 
Sect. II describes the sample system, Sect. Ill the ex- 
perimental setup, Sect. IV the experimental results from 
a stepped surface at large incidence and diffraction an- 
gles, Sect. V the optical parameters of Ti in SrTiOs and 
Sect. VI how the different signals are affected by x-ray 
optical effects at different angles. In Sect. VII the results 
are summarized. 



II. SrTiOg 

SrTiOa is a particularly appropriate system for model 
studies, because of its simple electronic and crystalline 
structure. The formal valence of the ions in this com- 
pound is Sr 2 + (5s°), Ti 4+ (3d ) and O 2 " (2p 6 ), meaning 
that the electron shells of all ions are either fully occu- 
pied or empty in the ground state. It is a band insulator 
and possesses no local magnetic moments. The crystal 
structure at room temperature is cubic perovskite (space 
group Pm3m), with a lattice constant of 3.905 A. The 
Ti-ions are therefore embedded in an octahedral crystal 
field, generated by the neighboring oxygen ions. Due to 
this symmetry, the optical properties of the Ti-ions are 
isotropic, which means independent on the polarization 
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FIG. 1: Energy dependence of the x-ray absorption (XAS), 
reflectivity and diffraction signal across Ti Z/2,3 edge for a 
0.3 deg-inclined SrTiOs sample. The vertical lines denote the 
positions of the major peaks in the diffraction spectrum 




FIG. 2: Atomic force microscopy (AFM) image from one of 
the used stepped SrTiOs surfaces with a miscut angle of ~ 
0.3°. The field of vision is 5 x 5 //m 2 . 



direction of the scattered light. 

At energies around the Ti L 2 ,3 edge (~ 460 eV) the 
optical properties of the compound are totally dominated 
by the dipole allowed Ti 2p — > 3d transition. The Ti 4+ 
ions are excited from the 2p 6 3d° to a 2p 5 3<i 1 multiplet 
state, under the formation of a bound excitonic state 
between the core hole and the excited electron. Therefore 
this process can be well described in terms of a local 
picture, assuming that the electron is localized at the 
TiC>6 cluster. The absorption spectra of d° systems in 
Oh symmetry at transition metal £2,3 edges have been 
extensively studied and modeled by de Groot et al.J^I 
applying atomic multiplet calculations including crystal- 
field interactions. The spectra can be fully described by 
the 2p 5 3d 1 multiplet, which consists of seven visible lines 
(see XAS curve in Fig. HI. The four most intense are 
split into two groups, due to the spin-orbit coupling of 
the core hole, such that the two at lower energies belong 
to the L3 edge, whereas the other two to the Li edge. The 
splitting within each group is mainly determined by the 
crystal field-splitting of the Oh symmetry, lODq. Two 
of the weaker lines are on the low energy side of the 
spectrum, the third in between the two L3 main lines. 
They are due to the Coulomb and exchange interactions 
within the multiplet. 



III. EXPERIMENTAL 

Samples with stepped surfaces were prepared at the 
University of Twente, The Netherlands. In order to ob- 
tain a well defined Ti02-terminated surface, the SrTiOs 



single crystals were etched in buffered HF and subse- 
quently annealed in oxygen. 29 The samples had the form 
of square plates with an edge length of 10 mm and a thick- 
ness of 0.5 or 1 mm. The surface orientation was essen- 
tially (001). For the diffraction experiments we used sam- 
ples with miscut angles, i.e., the difference between the 
averaged surface and the surface of one terrace on the sur- 
face, of about 0.3 and about 1 degrees. This corresponds 
to a terrace width of 70 and 20 nm, respectively. The 
samples were characterized by atomic-force microscopy 
(AFM) and x-ray absorption spectroscopy (XAS). Fig. [2] 
shows an AFM picture of one of the samples. The steps 
are equally spaced, though slightly wavy, leading to a 
regular stripe- like surface structure. The edges of the 
terraces are almost parallel to the sample edge, which 
has the direction [100]. 

For the scattering experiment the stepped samples 
were mounted such, that the edge of the steps was ori- 
ented perpendicular to the scattering plane and the in- 
cident beam was pointing toward the steps (see Fig. I3J. 
After transfer into UHV, the samples were annealed to 
300 °C in an oxygen atmosphere of 5 • 10 -5 mbar for 
30 min, to desorb gas particles adhering to the surface. 

The experiments were performed at the UE52-SGM1 
beamline at BESSY using the UHV soft x-ray diffrac- 
tometer designed at the FU Berlin. The scattering ge- 
ometry was horizontal with the light linearly polarized 
parallel to the scattering plane (7r-direction). The pho- 
tons were detected using a photo-diode mounted behind 
a rectangular slit. For the energy scans from the step 
peaks the detector position and the photon energy was 




FIG. 3: Schematics of the scattering geometry for diffraction 
from a stepped surface, k denotes the wave vector of the 
incoming photon, a the angle between k and the averaged 
sample surface, which is at an angle £ with the surface of one 
of the terraces, a' the angle between the averaged surface and 
the detector and a the lattice constant of SrTiOa. 






1 1 

j 


1 i ' i ' 

C= 1.09 deg 


I a = 5 deg 




hv =900eV 


C 


o data 


c 
G 


c. simulation 

C) 

() 


i 


L^ A 


i,i, 



20 



30 
a' (deg) 



40 



scanned simultaneously in order to stay on the diffrac- 
tion peak. The detector acceptance was chosen such that 
the whole peak is detected. The energy dependence of 
the background below the peak was measured separately 
with the detector angles shifted by 3 degrees and was 
subtracted from the peak spectra. The x-ray absorption 
spectra were obtained from the total electron yield signal 
recorded with a channeltron electron detector. 



IV. DIFFRACTION DATA 

A regular arrangement of steps on a surface has the 
properties of a reflection grating. When the height of 
these steps is equal to the lattice parameter a and C is 
the miscut angle, the width of the terraces will be equal 
to a/ tan £. A diffraction signal can be observed when 
the following condition is fulfilled 



tan£ 



(cos a — cos a') = m\ 



(1) 



with the integer m giving the diffraction oder. The angles 
of incidence and diffraction, a and a', are expressed here 
with respect to the averaged surface normal (Fig.j3|, A is 
the x-ray wavelength, which is for the Ti £2,3 resonance 
about 27 A. For a 2-dimensional superstructure the recip- 
rocal lattice consists of 1-dimensional rods, rather than 
of a 3-dimensional array of points. If the wavelength is 
shorter than the terrace width, the diffraction condition 
of Eq. [T] can be fulfilled for any chosen angle of inci- 
dence. For a chosen angle of incidence several reflections 
can be observed, as illustrated in Fig. [3j one belonging 
to the specular reflectivity (m = 0, ol = a) and others 
to diffraction from the terraces. These reflections can be 
probed, e.g. by scanning the detector angle a' . 

In order to test the signal strength, we first performed 
an experiment far from resonance. Fig. [4] shows an 
off-resonance scan measured from 1.09 degrees-inclined 



FIG. 4: Detector-angle scan across the diffraction peaks from 
a stepped 1.09 deg-inclined SrTiOs sample, recorded off res- 



sample by changing the detector angle. The angle of 
incidence was kept at 5 degrees and the photon energy 
was 900 eV, lying far above the Ti resonance. The sym- 
bols in the diagram represent experimental data whereas 
the solid line is a simulation using a simple kinemati- 
cal model of scattering from steps. The data shows a 
pronounced maximum around 21.7°, which is the posi- 
tion for the first order reflection. The observation of this 
signal clearly demonstrates the suitability of this model 
system for soft x-ray diffraction. Off the Ti resonance 
and for the chosen scattering geometry we can estimate 
the volume of Ti ions at step edges to about 5 • 10~ 5 of 
the total scattering volume. The clear signal observed 
even off resonance shows that diffraction using soft x-ray 
energies is sensitive enough to study even very "dilute" 
systems. 

The second order peak cannot be resolved from the 
background signal. Apparently its intensity is lower than 
expected for an ideal system, probably due to the wavi- 
ness of the step edges. The angular width of the mea- 
sured 1st order diffraction peak shows that the widths 
of the terraces on the surface vary around the aver- 
age value. In the simulation a Gaussian distribution of 
widths around a/tan£ was considered. The increase of 
background toward low detector angles is due to the tail 
of the reflectivity. 

When the photon energy is tuned to the Ti L2- or 
L3-edge, the diffraction signal increases considerably by 
about one order of magnitude. The intensity of the 
diffraction signal varies strongly across the resonance 
edge, as energy is changed. Fig. [I] shows an energy 
scan of the diffraction signal (lower curve), compared 
with the x-ray absorption (XAS) and reflectivity spec- 
trum for the same energy range. All spectra were taken 



from a 0.31 deg-inclined sample at 30 deg incidence an- 
gle. For the step peak the detector was at 34 degrees. 
The diffraction and reflectivity spectra look almost iden- 
tical. They show the four main resonance peaks discussed 
above, which are also present in the absorption spectrum. 
The relative intensities of the main peaks in the absorp- 
tion spectrum and the scattering data are different with 
the weak lines more pronounced in the XAS data than 
in the diffraction and reflectivity data. In fact it is not 
expected for the absorption spectrum to look like the 
diffraction or reflectivity signal since XAS is probing only 
the imaginary part of the scattering amplitude, whereas 
the other two signals are determined by the squared mod- 
ulus of the sum of the real and imaginary part of the 
scattering amplitude. 

For a single harmonic oscillator the absorption spec- 
trum is a LorentziarP^J of width V and intensity A. The 
scattered intensity determined by the norm squared of 
the real and the imaginary part is (ignoring the inter- 
ference with non-resonant contributions to the scattering 
amplitude) again a Lorentzian of the same width but with 
an intensity proportional to A 2 /T. This leads to a gen- 
eral enhancement of strong and narrow resonance lines in 
the scattered signal. For the case of several overlapping 
resonances, as we have them here, also the interference 
between the different oscillators matters. In fact, in the 
reflectivity and diffraction spectra, the peak maxima of 
the major peaks except for that one at lowest photon en- 
ergies are shifted by up to 0.3 eV toward lower energies 
with respect to the XAS data. In order to check whether 
the observed energy shift is indeed an interference effect, 
we determined the optical parameters of SrTiC>3. 



V. OPTICAL PARAMETERS 

Off resonance the index of refraction is tabulated, 31 but 
these tables are not accurate enough near resonances. We 
therefore measured the specular reflectivity from a flat 
sample of SrTi03 as a function of photon energy around 
the Ti L 2 ,3 resonance using 7r-polarized light. 

The intensity of the reflectivity signal is described by 
Fresnel equations, which are functions of the angle of 
incidence and the refraction indexpS For the interface 
between vacuum and a medium with refractive index n 
the amplitude of the reflected wave for ir polarization, 
E„, is 



E„(a,n) = E 



^ 



cos" a 



+ Vr 



cos" a 



(2) 



with Eq being the intensity of the incident wave. There- 
fore, knowing the dependence of the signal on the an- 
gle of incidence a, the index of refraction n can be 
obtained experimentally and consequently, according to 
n = 1 — 5 + i(3, also the optical constants 6 and (3. 

Fig. [5] shows reflectivity data for selected energies 
(symbols), together with the result of a least square fit 
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FIG. 5: Reflectivity curves (symbols) as a function of the 
angle of incidence a for different characteristic photon ener- 
gies on a logarithmic scale; the solid lines are fits applying 
the Fresnel equation and the footprint effect at low incidence 
angles. 



(lines). The intensity of the signal decreases approxi- 
mately exponentially with larger angles of incidence. At 
low angles total external reflection occurs leading to the 
maximum around 2 degrees. The decrease of signal for 
very small incidence angles seen in the data is due to the 
fact that for very small incidence angles the footprint 
of the x-ray beam on the sample surface becomes larger 
than the sample itself, leading to a loss of intensity. In 
this region the intensity of the light falling on the sam- 
ple is proportional to (xsma)/b, where x is the sample 
width and b the beam- width in the scattering plane. 

The data were analyzed using the Fresnel equation for 
7r-polarized light Q and a Debye- Waller like damping to 
account for the sample roughness of 3 A. For large nega- 
tive values of 5 (indicated in Fig.[6]by the gray points) the 
shape of the reflectivity curve depends only very weakly 
on the value of n for a wide range of (6,(3) sets! 3 - 3 -' The 
fit does hence not converge in this region. The XAS 
data, however, provide a second independent informa- 
tion about (3 via the relation (3 = — Ayu/47rp^ with /j, 
being the linear absorption coefficient probed in an XAS 
experiment. This provides a constraint for the value of (3 
in the fit, which was used to determine 5 in these critical 
regions. 

The thus obtained optical constants 6 and (3 are shown 
in Fig. [6J together with the absorption spectrum (XAS) 
at 30 deg incidence angle (upper curve). The error bars 
denote the maximum uncertainty for the data points de- 
noted by grey symbols. For values shown with black sym- 
bols the uncertainty for 8 amounts to 10 percent, whereas 
for (3 it is a little bit smaller. Above the resonance at 
490 eV, 6 is approximately 2.5 • 10~ 3 and (3 is 1.6 • 10~ 3 , 
which agrees very well with the tabulated x-ray dataJ^U 
giving for this energy 2.3-10 -3 and 1.5-10 -3 , respectively 
(using a mass density, p a of 5 g/cm 3 for the sample). 

Across the resonance the optical constants are strongly 
energy-dependent. While (3 resembles the absorption 
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FIG. 6: Optical parameters 8 and /3 together with the absorp- 
tion spectrum (XAS) at 30 deg of incidence. The error bars 
indicate the uncertainty for the gray marked points. For the 
black marked points the error margins are around 10 percent. 



spectrum, reaching peak values at each resonance - with 
the maximum of 12 • 10 -3 at 460.25 eV, 5 behaves sim- 
ilar to the negative derivative of j3. 5 changes sign each 
time a strong absorption peak is crossed; coming from the 
low-energy side it decreases steadily reaching a negative- 
signed minimum just before the absorption peak; directly 
above the absorption maximum it increases steeply to- 
ward a positive-signed maximum, crossing the zero line 
exactly at the resonance position, and decreases again 
more slowly afterwards, crossing the zero line in the vicin- 
ity of a local /3 minimum. The largest absolute value that 



S reaches is negative-signed and amounts to 
460.1 eV. 



10-' j at 



The extreme variation of S toward negative values be- 
fore each resonance strongly dominates the optical prop- 
erties of the material, changing its optical density. It is 
remarkable that for certain energies the substance be- 
comes optically more dense than vacuum (each time 6 is 
negative) , whereas for the conventional x-ray range (pho- 
ton energies > 10 keV) it is known that matter is always 
optically less dense than vacuum. This fact demonstrates 
that the oscillator or atomic scattering strength is ex- 
tremely large in the vicinity of the soft x-ray absorption 
edges. 
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FIG. 7: XAS and diffraction data from Fig. [T] with the result 
of a simulation of the diffraction spectrum using the optical 
parameters from Fig. kS| (dashed line). 



VI. OPTICAL EFFECTS IN THE SPECTRA 

In Fig. [7] we present the result of a simulation of the 
diffraction-peak spectrum from Fig. [T] using the optical 
parameters. The dashed curve was calculated from 



I=\h + f' + if"\ = 



2tt 



^ 2 p a r 



(6 - ip) 



(3) 



(r k, 2.82- 10 -5 A is the classical electron radius) and was 
broadened by 300 meV in order to account for the differ- 
ent energy resolutions in the respective experiments. The 
simulated curve describes the experimental curve fairly 
well including the relative intensities. In particular the 
shifted energy position of the second sharp maximum is 
essentially reproduced. Even though the agreement is 
less satisfactory for the L2 part of the spectrum, this 
simple purely optical simulation indicates that the ob- 
served spectral differences between XAS and scattering 
data are mainly the result of the different optical quan- 
tities probed in the different experiments. 

While the data from Fig. [I] were recorded at large inci- 
dence and detection angles of 30 and 34 degrees, at small 
angles the effect of refraction of the photons in the sam- 
ple becomes important and the consequent appearance 
of total reflection for certain energies across resonances. 

How these changes affect the spectra is demonstrated 
in Fig. 15] where the corresponding signals are shown for 
two different surfaces and for different incidence angles a 
= 5, 10, 20 and 30 degrees. The corresponding detection 
angles a' varied around 16.5, 18.5, 25.5, and 34 degrees 
for the 0.31-deg. sample and around 30, 31, 36 and 42.5 
degrees for the 1.09-deg. sample. Least affected by the 
variation of the incidence angle arc the diffraction spectra 
for the 1.09-deg sample. Changes are somewhat stronger 
for the 0.31-deg sample diffraction spectra, for which the 
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FIG. 8: Reflectivity and diffraction data from 0.31 deg (left) and 1.09 deg (right) inclined samples for different incidence angles 
(a = 5, 10, 20, 30). The dotted curve for a — 5 at the right side is reflectivity of the 0.31 deg sample plotted for comparison. 



detection angles a' were smaller. The peak maxima shift 
towards higher energies and the background on the high- 
energy side of the spectrum rises, while the overall shape 
of the spectrum is conserved. Much more pronounced 
changes of the spectral shape are found for the reflectivity 
signal and they occur in the same way for both samples. 
For comparison the reflectivity signal of the 0.31 sample 
at 5 deg of incidence has been plotted also as the dotted 
line in the right diagram of Fig. [8] 

The strong changes of 5 across resonance lead to large 
variations of the angle of total reflection, a c . The changes 
of (3 affect the photon penetration depth A. Fig.|9]shows 
these quantities in comparison with the XAS data across 
the Ti I/ 2 ,3 resonance in SrTiC>3. A and a c can be di- 
rectly obtained from the optical constants; A = 1/ \x is 
the inverse of 47T/3/A and a c is given by cos a c = yl — 5. 
Below and above the resonance energies A has values well 
above 100 nm, meaning that the signal is clearly bulk 
sensitive. At the resonance maxima the photon pene- 
tration depth drops to 20 nm, which is moderately sur- 
face sensitive. Even at its minimum value A is one or- 
der of magnitude larger than the penetration depth in 
typical surface-sensitive techniques involving low-energy 



electrons like photoelectron spectroscopy. 

The critical angle varies across the resonance, resem- 
bling the behavior of S. Outside resonance a c has a value 
between 2 and 3 degrees. Above each resonance maxi- 
mum it reaches peak values, the highest being 4.5 deg 
for 478 eV photon energy at the high energy side of the 
resonance spectrum. For energies below resonance max- 
ima, where d becomes negative, a c is not defined and the 
effect of total external reflection disappears completely. 

This rather drastic change of a c with energy can be 
expected to strongly affect the optical spectra measured 



at low incidence angles. Fig. 10 shows specular reflectiv- 
ity data for a between 7.5 and 2 degrees. The top dia- 
gram displays a c for comparison. The reflectivity data 
are all plotted on the same scale. The curve measured 
at a = 7.5 deg resembles very much specular reflectivity 
for high incidence angles, but as the angle of incidence 
becomes smaller, the shape of the spectra changes con- 
siderably. Approaching the critical angle, the positions 
of the main peaks shift toward higher energies and the 
relative intensities of the spectrum features change; the 
intensity outside resonance increases strongly in compar- 
ison to the main peaks and smaller features of the spectra 
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FIG. 9: XAS spectrum (top), penetration depth of photons 
A on a logarithmic scale (middle) and the critical angle a c 
(bottom), the latter two obtained from the optical constants 
presented in Fig. [6] 



become more visible. Comparison with the values of the 
critical angle a c at energies where these changes are par- 
ticularly strong makes clear that these effects are caused 
by the occurrence of total reflection. As the incidence 
angle approaches ot c , the intensity of specular reflectiv- 
ity increases strongly, e.g. at the position of the highest 
energy peak (466 eV) for a — 4.5 deg and at the back- 
ground below the resonance edge for a — 2 deg. When 
the incidence angle becomes even smaller than the crit- 
ical angle, the increase in intensity is reduced, because 
total reflection has already been reached. 

The influence of a c on the absorption spectra (XAS) 
is even more dramatic. Since only those photons can be 
absorbed that can penetrate t he sur face, a high reflectiv- 
ity suppresses the XAS signal.E^ES] This effect leads to a 
distortion of the spectra and dominates at low incidence 
angles the shape of the XAS spectra, which become the 
negative of the reflectivity spectra. This fact is most ob- 
vious for the data measured at 1.5 deg incidence in the 
center of Fig. [TT] with minima in the absorption spectrum 
exactly at the positions of the maxima in the reflectiv- 
ity signal. Well above the critical angle both spectra look 
very similar (see 30 deg of incidence) . These results show 
that the effect of total reflection indeed dominates both, 
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FIG. 10: Reflectivity for low incidence angles of the flat 
SrTiOa sample (lower frame). The upper frame shows the 
critical angle calculated from S. 



reflectivity and absorption spectra, for low incidence an- 
gles. 



VII. SUMMARY 

The stepped surface of a single crystal can work as an 
artificial 2-dimensional superstructure, with a periodicity 
in the nm-range, which can be used to produce diffrac- 
tion peaks with soft x-rays. The signal is well visible, 
even for a step density smaller than 1/50 of the topmost 
layer, and can be further amplified if energies correspond- 
ing to a resonance edge of the system are used. This 
demonstrates again that resonant soft x-ray diffraction is 
extremely sensitive and suitable to study also very "di- 
lute" systems. We investigated at the Ti I/ 2 ,3 resonance 
the first-order diffraction signal from stepped SrTiOa sur- 
faces with a terrace width of 20 and 70 nm. The spec- 
trum of the diffraction signal with energy resembles the 
spectrum for the specular reflectivity data. The x-ray 
absorption spectrum differs from both in the relative in- 
tensities of the spectral features and in the energy posi- 
tion of the peak maxima. We determined the optical pa- 
rameters across resonances from specular reflectivity and 
found that the deviations in the spectral shape between 
XAS and scattering data reflect the different quantities 
probed in the different signals. While XAS is probing the 
imaginary part of the scattering amplitude only, the two 
scattering signals are probing the squared norm of the 
scattering cross section. This leads to an enhancement 
of the stronger over the weaker spectral features in the 
scattering signals. 

It is well known that changes of the optical sample 
properties across resonance distorts the reflectivity and 
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FIG. 11: Comparison of XAS (upper 3 curves) and reflectivity 
data for different angles of incidence (a = 30, 5 and 1.5). 



XAS spectra recorded at small incidence angles. This 
distortion is related to the change of the angle of to- 
tal reflection with photon energy, which dominates the 
spectral shape of both signals at very small angles. We 
find the spectral shape of the resonance spectra from the 
step edges less affected, but also in resonant diffraction 
spectra energy shifts of the resonance maxima can occur, 
when they were recorded in grazing incidence or detec- 
tion geometry. 
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